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(54) Primary radiator

(57) A primary radiator comprising:

a waveguide including an opening at one end side;
a phase converting member inserted into an inside
portion of the waveguide from the opening;

a plurality of retainer portions for securing the phase
converting member to an inside wall surface of the
waveguide; and

a probe which intersects the phase converting
member at an angle of approximately 45 degrees
inside the waveguide,

wherein each retainer portion is separated by an
interval of approximately 1/4 of a wavelength inside the
waveguide in a same plane running through a central
axis of the waveguide.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a primary ra-
diator used in, for example, a satellite-television reflec-
tive antenna, and, more particularly, to a primary radia-
tor for sending and receiving circularly polarized electri-
cal waves.

2. Description of the Related Art

[0002] A related primary radiator of this type will be
described based on Figs. 14 and 15. Fig. 14 is a sec-
tional view of the related primary radiator, and Fig. 15 is
a front view of the primary radiator viewed from a horn
section. As shown in Figs. 14 and 15, the related primary
radiator comprises a circular cross-section waveguide
210 having a horn section 210a at one end thereof and
having the other end formed as an enclosed surface
210b, a pair of ridges 211 formed at the inside wall sur-
face of the waveguide 210 so as to protrude therefrom,
and a probe 212 disposed between the ridges 211 and
the enclosed surface 210b.

[0003] The waveguide 210 is molded out of a metallic
material, such as zinc or aluminum, by die casting. Both
of the ridges 211 are integrally formed with the
waveguide 210. These ridges 211 function as phase
changing members (90-degree phase devices) for
changing circularly polarized waves that have traveled
into the waveguide 210 from the horn section 210a into
linearly polarized waves. The ridges 211 have tapered
portions at both ends thereof along the central axis of
the waveguide 210, and have predetermined heights,
widths, and lengths. As shown in Fig. 15, when a plane
including the central axis of the waveguide 210 and both
ridges 211 is a reference plane, the probe 212 intersects
the reference plane at an angle of approximately 45 de-
grees, and the distance between the probe 212 and the
enclosed surface 210b is equal to about 1/4 of a wave-
length inside the waveguide. It is known that, instead of
the ridges 211, plate members, formed of dielectric ma-
terials, may also be used as phase converting members.
The dielectric plates are inserted into/secured to the in-
side of the waveguide 210. In that case, the probe 212
intersects at an angle of approximately 45 degrees a ref-
erence plane which is parallel to the surfaces of the di-
electric plates and which passes the central axis of the
waveguide 210.

[0004] Inthe primary radiator having such a structure,
when a clockwise or a counterclockwise circularly po-
larized wave sent from, for example, a satellite is re-
ceived, the circularly polarized wave is guided from the
horn section 210a to the inside of the waveguide 210,
and is converted into a linearly polarized wave when the
circularly polarized wave passes the ridges 211 (or die-
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lectric plates) inside the waveguide 210. More specifi-
cally, since the circularly polarized wave is a wave in
which a combined vector of two linearly polarized waves
having the same amplitudes, being perpendicular to
each other, and having phase differences of 90 degrees
rotates, when the circularly polarized wave passes the
ridges 211 (or dielectric plates), the wave portions which
have been out of phase by 90 degrees are caused to be
in phase, so that the circularly polarized wave is con-
verted into a linearly polarized wave. Therefore, when
the linearly polarized wave is received as a result of cou-
pling at the probe 212, it is possible to convert the re-
ceived signal into an IF signal at a converter circuit (not
shown), and to output the IF signal.

[0005] Conventionally, another known example of this
type of primary radiator is a primary radiator comprising
a waveguide having a horn section at one end thereof
and having the other end formed as an enclosed sur-
face, a phase converting member disposed inside the
waveguide, and a probe installed between the phase
converting member and the enclosed surface of the
waveguide. The phase converting member converts a
circularly polarized wave that has traveled into the
waveguide into a linearly polarized wave. One example
of the phase converting member is a dielectric plate hav-
ing both longitudinal ends formed into a wedge shape.
The probe intersects the phase changing member at an
angle of approximately 45 degrees, and the distance be-
tween the probe and the enclosed surface of the
waveguide is approximately 1/4 of a wavelength inside
the waveguide.

[0006] In the primary radiator having such a general
structure, a clockwise or counterclockwise circularly po-
larized wave transmitted from a satellite is guided to the
inside of the waveguide from the horn section and is
converted into a linearly polarized wave at the phase
converting member. More specifically, since the circu-
larly polarized wave is a wave in which a combined vec-
tor of two linearly polarized waves having the same am-
plitude, being perpendicular to each other, and having
phase differences of 90 degrees rotates, when the cir-
cularly polarized wave passes the phase converting
member, the wave portions which have been out of
phase by 90 degrees are caused to be in phase, so that
the circularly polarized wave is converted into a linearly
polarized wave. Therefore, when the linearly polarized
wave is received as a result of coupling at the probe, the
received signal is converted into an IF signal at a con-
verter circuit (not shown), and the IF signal is output.
[0007] However, in each of the related primary radia-
tors constructed as described above, the waveguide is
molded out of a metallic material, such as zinc or alumi-
num, by die casting, so that an expensive molding die
having a complicated structure is required, which is a
big factor in increasing production costs of the primary
radiator. In recent years, to overcome this problem, an
attempt to form the waveguide by winding a metallic
plate into a cylindrical shape has been made in order to
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eliminate the use of an expensive die-casting mold.
However, such a waveguide gives rise to new problems
with regard to the phase converting member or mem-
bers.

[0008] More specifically, in the waveguide formed by
winding a metallic plate into a cylindrical shape, it is dif-
ficult to form a large protrusion on a thin metallic plate
by pressing, so that, even if the protrusion is success-
fully formed, the protrusion have low dimensional preci-
sion. Therefore, when a ridge is used as a phase con-
verting member, it is difficult to process. On the other
hand, when a dielectric plate is used as a phase con-
verting member, since the inner peripheral surface of the
waveguide formed by winding a metallic plate is circular,
it is necessary to bond the phase converting member to
a predetermined location inside the waveguide while the
phase converting member inserted into the waveguide
is positioned with a jig at the stage of assembling the
primary radiator. Therefore, the assembly work be-
comes very complicated.

[0009] In each of the primary radiators of this type,
since the probe and the phase converting member or
members intersect at an angle of approximately 45 de-
grees inside the waveguide, it is necessary to secure
the phase converting member or members inserted into
the waveguide with proper means. In general, a bonding
agent is used as such means for securing the phase
converting member or members. However, in the secur-
ing method using a bonding agent, it is necessary to per-
form the complicated step of applying the bonding agent
to a joining portion of the inside wall surface of the
waveguide and the phase converting member or mem-
bers while the phase converting member or members
are positioned with a jig. Therefore, the problem that as-
sembly workability is poor arises. A method of securing
the phase converting member or members to the inside
portion of the waveguide with a screw as another secur-
ing means has been proposed. In this case, the front
end portion of the screw protrudes into the waveguide,
thereby giving rise to the problem of reduced perform-
ance resulting from reflection of electrical waves at the
front end portion of the screw.

SUMMARY OF THE INVENTION

[0010] The present invention has been achieved in
view of the problems of the related art, and has as its
first object the provision of a primary radiator which has
excellent assembly workability and which can be pro-
duced at a low cost. The present invention has as its
second object the provision of a primary radiator whose
phase converting member can be easily and reliably se-
cured without a reduction in performance.

[0011] Tothese ends, according to afirst aspect of the
present invention, there is provided a primary radiator
comprising a waveguide formed by winding a metallic
plate into a cylindrical shape, a probe protruding from
an inside wall surface of the waveguide in a direction of

10

15

20

25

30

35

40

45

50

55

a central axis of the waveguide, and a dielectric feeder
held by the waveguide. In the primary radiator, a flat por-
tion extending parallel to the central axis of the
waveguide is formed at the inside wall surface of the
waveguide, and the dielectric feeder is mounted to the
flat portion.

[0012] Inthe primary radiator having such a structure,
since the waveguide is formed by winding a metallic
plate into a cylindrical shape, it can be produced at a
considerably reduced cost than when a waveguide
formed by die casting. In addition, in the case where the
dielectric feeder is mounted to the waveguide, when a
portion of the dielectric feeder inserted into the
waveguide is mounted to the flat portion of the metallic
plate, the relative positions of the waveguide and the
dielectric feeder are determined by this flat portion, so
that assembly work can be simplified.

[0013] In the above-described structure, the flat por-
tion can be formed at any location of the inside wall sur-
face of the waveguide. However, when the structure of
the first aspect is used, there may be used a first form
in which the flat portion is formed at a joining portion
formed by winding the metallic plate into a cylindrical
shape and superimposing the end portions thereof..
[0014] When the structure of the first aspect is used,
there may be used a second form in which the dielectric
feeder comprises a radiator section protruding from an
open end of the waveguide, an impedance converting
section which becomes narrower from the radiator sec-
tion towards an inside portion of the waveguide, and a
plate-shaped phase converting section formed continu-
ously with the impedance converting section, with the
phase converting section intersecting the probe at an
angle of approximately 45 degrees. When the structure
of the second form is used, there may be used a third
form in which two such flat portions are formed at two
opposing locations of the waveguide on both sides of
the central axis of the waveguide, and in which the
phase converting section of the dielectric feeder is
mounted to the flat portions. Therefore, it is possible to
readily and reliably position the phase converting mem-
ber and the probe relative to each other.

[0015] When the structure of the second form is used,
there may be used a fourth form in which a plurality of
the flat portions are formed at a plurality of locations of
an inner peripheral surface of the waveguide, and in
which the impedance converting section and the phase
converting section of the dielectric feeder are each
mounted to the flat portions, so that the dielectric feeder
can be more stably mounted to the waveguide. When
the structure of the fourth form is used, there may be
used a fifth form in which four such flat portions are
formed at four locations at an interval of approximately
90 degrees in a peripheral direction of the waveguide,
so that the pair of flat portions to which the impedance
converting section is mounted and the pair of flat por-
tions to which the phase converting section is mounted
are substantially orthogonal to each other. Therefore, it
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is possible to restrict adverse effects of each flat portion
on polarized waves.

[0016] According to a second aspect of the present
invention, there is provided a primary radiator compris-
ing a waveguide including an opening at one end side,
a phase converting member inserted into an inside por-
tion of the waveguide from the opening, a plurality of
retainer portions for securing the phase converting
member to an inside wall surface of the waveguide, and
a probe which intersects the phase converting member
at an angle of approximately 45 degrees inside the
waveguide. In the primary radiator, each retainer portion
is separated by an interval of approximately 1/4 of a
wavelength inside the waveguide in a same plane run-
ning through a central axis of the waveguide.

[0017] Inthe primary radiator having such a structure,
since the phase converting member inserted into the
waveguide is secured to the inside wall surface of the
waveguide by a plurality of retainer portions, it is possi-
ble to simplify assembly work. In addition, since the in-
terval between each retainer portion is set at approxi-
mately 1/4 of the wavelength inside the waveguide, it is
possible to reduce a reflection component by cancella-
tion of reflections of electrical waves at the correspond-
ing retainer portions.

[0018] Inthe above-described structure, it is possible
to use a waveguide molded out of, for example, zinc or
aluminum by die casting. However, when the waveguide
is formed of a metallic plate and is formed by winding
the metallic plate into a cylindrical shape or a prismatic
shape, it becomes unnecessary to use an expensive
molding die, so that it is preferable to use such a
waveguide from the viewpoint of reduced production
costs of the waveguide. In this case, when a plurality of
cut-up portions are formed at the inside wall surface of
the metallic plate, of which the waveguide is formed, by
bending portions of the metallic plate, the phase con-
verting member can be secured to the inside wall sur-
face of the waveguide by these cut-up portions serving
as retainer portions. Alternatively, the phase converting
member can be secured by using a plurality of screws
as retainer portions and screwing the screws into the
waveguide from mount holes formed in the waveguide.
[0019] An embodiment of the present invention will
now be described, by way of example, with reference to
the accompanying diagrammatic drawings, in which:

Fig. 1 illustrates the structure of a primary radiator
of a first embodiment of the present invention.

Fig. 2 is a sectional view taken along line Il-II of Fig.
1.

Fig. 3 is a front view in the direction of arrow IlI-II
shown in Fig. 1.

Fig. 4 is a perspective view of a waveguide of the
primary radiator.

Fig. 5 is a sectional view of the main portion of the
waveguide.

Fig. 6 is a perspective view of a dielectric feeder of
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the primary radiator.

Fig. 7 is a sectional view taken along line VII-VII of
Fig. 6.

Fig. 8 illustrates the structure of a primary radiator
of a second embodiment of the present invention.
Fig 9 is a sectional view taken along line I1X-IX of

Fig. 8.

Fig. 10 is a front view in the direction of arrow X-X
of Fig. 8.

Fig. 11 illustrates the operation for canceling reflec-
tions.

Fig. 12 illustrates the structure of a primary radiator
of a third embodiment of the present invention.
Fig. 13 illustrates the main portion of the primary
radiator.

Fig. 14 is a sectional view of a related primary radi-
ator.

Fig. 15 is a front view of the related primary radiator
viewed from a horn section of the primary radiator.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Hereunder, a description of a first embodiment
of the present invention will be given with reference to
the relevant drawings. Fig. 1 illustrates the structure of
a primary radiator of the first embodiment of the present
invention. Fig. 2 is a sectional view along line lI-II of Fig.
1. Fig. 3 is a front view in the direction of arrow IlI-ll|
shown in Fig. 1. Fig. 4 is a perspective view of a
waveguide of the primary radiator. Fig. 5 is a sectional
view of the main portion of the waveguide. Fig. 6 is a
perspective view of a dielectric feeder of the primary ra-
diator. Fig. 7 is a sectional view along line VII-VIl shown
in Fig. 7.

[0021] Asshown in these figures, the primary radiator
of the first embodiment comprises a cylindrical
waveguide 1 having both ends thereof open, a dielectric
feeder 2 held at the inside portion of the waveguide 1,
and a cover member 3 covering one of the open ends
of the waveguide 1. A probe 4 is installed at the inside
wall surface of the waveguide 1, and is connected, at
the outside portion of the waveguide 1, to a converter
circuit (not shown). Although not shown in Fig. 1, the
distance between the probe 4 and the cover member 3
is set at approximately 1/4 of a wavelength Ag inside the
waveguide.

[0022] The waveguide 1 is formed by winding a rec-
tangular metallic plate in a spread state into a cylindrical
shape. As shown in Fig. 4, both ends of the metallic plate
are superimposed upon each other to form a joining por-
tion 1a. As shown in Fig. 5, at the joining portion 1a, both
ends of the metallic plate are secured at a plurality of
caulked portions 1b, with the distance between each
caulked portion 1b being set at approximately 1/4 of the
wavelength Ag inside the waveguide. The waveguide 1
is substantially circular in cross section, and has a pair
of first flat portions 1c and a pair of second flat portions
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1d at portions of the inner peripheral surface of the
waveguide 1. The flat portions 1c and the flat portions
1d extend in a longitudinal direction parallel to the cen-
tral axis of the waveguide 1. When viewed in a periph-
eral direction of the waveguide 1, the two first flat por-
tions 1c and the two second flat portions 1d are formed
so that a first flat portion 1¢c and a second flat portion 1d
alternate at intervals of substantially 90 degrees, there-
by forming a total of four flat portions. In other words, as
shown in Fig. 2, at orthogonal coordinate lines that pass
through the central axis of the waveguide 1, the two first
flat portions 1c oppose each other at an interval of 180
degrees from each other on one straight line, while the
two second flat portions 1d oppose each other at an in-
terval of 180 degrees on the other straight line perpen-
dicular to the one straight line. One of the flat portions
1cand 1d is formed at the joining portion 1a. In the case
of the first embodiment, one first flat portion 1c is formed
at the joining portion 1a.

[0023] The dielectric feeder 2 is formed of a dielectric
material having a low dielectric dissipation factor. In the
case of the first embodiment, considering costs, low-
cost polyethylene (dielectric constant € is approximately
equal to 2.25) is used as the dielectric material. The di-
electric feeder 2 comprises a radiator section 5 protrud-
ing from the uncovered open end of the waveguide 1,
an impedance converting section 6 which becomes nar-
rower in an arcuate shape from the radiator section 5
towards the inside portion of the waveguide 1, and a
phase converting section 7 extending continuously from
the tapered portion of the impedance converting section
6. As described later, two portions of the peripheral sur-
face of the impedance converting section 6 and both
side surfaces of the phase converting section 7 are
mounted to the corresponding flat portions 1c and 1d.
[0024] The radiator section 5 widens in the shape of
a trumpet from the uncovered open end of the
waveguide 1. A plurality of annular grooves 5a are
formed in an end surface of the radiator section 5. The
depth of each annular groove 5a is set at approximately
1/4 of a wavelength L of an electrical wave that propa-
gates in air. Each annular groove 5a is concentrically
formed in the end surface of the radiator section 5 (see
Fig. 3).

[0025] Theimpedance converting section 6 has a pair
of curved surfaces 6a that converge towards the phase
converting section 7 from the base end portion of the
impedance converting section 6 disposed towards the
radiator section 5. The cross sectional shape of each
curved surface 6a is approximately a quadratic curve
shape. The base end portion of the impedance convert-
ing section 6 is formed with an approximately circular
surface. Flat mounting surfaces 6b are formed at two
locations of the outer peripheral surface of the imped-
ance converting section 6 so as to oppose each other
at aninterval of 180 degrees. The mounting surfaces 6b
are press-fitted/secured to the corresponding second
flat portions 1d of the waveguide 1.
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[0026] The phase converting section 7 is a plate-
shaped member having a substantially uniform thick-
ness, and functions as a 90-degree phase device for
converting a circularly polarized wave that has moved
into the dielectric feeder 2 into a linearly polarized wave.
The phase converting section 7 is formed continuously
with the tapered portion of the impedance converting
section 6 formed opposite to the base end portion. A
straight line that connects both mounting surfaces 6b of
the impedance converting section 6 and a straight line
that connects both side surfaces 7a of the phase con-
verting section 7 are orthogonal to each other. As shown
in Fig. 2, both side surfaces 7a of the phase converting
section 7 are press-fitted/secured to the corresponding
first flat portions 1c¢ of the waveguide 1. When a plane
which is parallel to a plate surface of the phase convert-
ing section 7 and which passes through the central axis
of the waveguide 1 is a reference plane, the probe 4
intersects the reference plane at an angle of approxi-
mately 45 degrees. A plurality of cutaway portions 7b
are formed in an end surface of the phase converting
section 7 disposed at a side opposing the cover member
3. Steps are formed by these cutaway portions 7b. The
depths of the cutaway portions 7b are set at approxi-
mately 1/4 of the wavelength Ag inside the waveguide.
This end surface of the phase converting section 7 and
the bottom surfaces defining the cutaway portions 7b
form two reflecting surfaces that are perpendicular to
each other in the direction of propagation of an electrical
wave.

[0027] Inthe primary radiator having such a structure,
when a clockwise or counterclockwise circularly polar-
ized wave which has been sent from, for example, a sat-
ellite is received, the circularly polarized wave travels
into the dielectric feeder 2 from the end surface of the
radiator section 5. After propagating from the radiator
section 5 to the phase converting section 7 through the
impedance converting section 6 inside the dielectric
feeder 2, the circularly polarized wave is converted into
a linearly polarized wave at the phase converting sec-
tion 7, and the linearly polarized wave travels inside the
waveguide 1. Then, the linearly polarized wave input to
the waveguide 1 is coupled at the probe 4. By converting
a reception signal from the probe 4 into an IF signal at
a converter circuit (not shown) for output, it is possible
to receive the circularly polarized wave sent from, for
example, a satellite.

[0028] Here, since the plurality of annular grooves 5a
having depths approximately equal to A/4 wavelength
are formed in the end surface of the radiator section 5
of the dielectric feeder 2, the phases of electrical waves
reflected at the end surface of the radiator section 5 and
the bottom surfaces defining the annular grooves 5a are
reversed and canceled, so that reflection components
of the electrical waves moving towards the end surface
of the radiator section 5 are greatly reduced. In addition,
since the radiator section 5 is formed into the shape of
a trumpet that widens from the uncovered open end of
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the waveguide 1, the electrical waves can be efficiently
converged at the dielectric feeder 2, and the length of
the radiator section 5 in the axial direction can be re-
duced. Further, by forming the impedance converting
section 6 between the phase converting section 7 and
the radiator section 5 of the dielectric feeder 2, and by
continuously forming the cross-sectional forms of the
pair of curved surfaces 6a of the impedance converting
section 6 into approximately quadratic curve shapes,
the curved surfaces 6a converge so that the dielectric
feeder 2 becomes gradually thinner towards the phase
converting section 7 from the radiator section 5. There-
fore, not only can the reflection components of the elec-
trical waves that propagate inside the dielectric feeder
2 be effectively reduced, but also a portion extending
from the impedance converting section 6 to the phase
converting section 7 functions as a phase converting
section. Consequently, from this point also, the overall
length of the dielectric feeder 2 can be greatly reduced.
Still further, the cutaway portions 7b having depths of
approximately Ag/4 wavelengths are formed in the end
surface of the phase converting section 7 of the dielec-
tric feeder 2, so that the phases of the electrical waves
reflected at the bottom surfaces defining the cutaway
portions 7b and the end surface of the phase converting
section 7 are reversed and canceled, so thatimpedance
mismatching at the end surface of the phase converting
section 7 can be eliminated.

[0029] In the primary radiator of the first embodiment,
since the waveguide 1 is formed by winding a metallic
plate into a cylindrical shape, it is not necessary to use
an expensive die-casting mold, so that production costs
of the waveguide 1 can be significantly reduced accord-
ingly. In addition, since the pair of first flat portions 1c
extending parallel to the central axis are formed at the
inner peripheral surface of the waveguide 1, and both
side surfaces 7a of the phase converting section 7 of
the dielectric feeder 2 inserted into the waveguide 1 are
press-fitted/secured to the first flat portions 1c, the
phase converting section 7 can be positioned with high
precision without using a special jig, so that assembly
work can be simplified. It is possible to increase the
strength of mounting the dielectric feeder 2 by using a
bonding agent along with the first flat portions 1c. In this
case also, when the bonding agent is applied, the phase
converting section 7 is positioned by the first flat portions
1c, so that it is not necessary to use a positioning jig.
[0030] In forming the waveguide 1, since the joining
portion 1a formed by superimposing both ends of a me-
tallic plate is secured at the plurality of caulked portions
1b, and the onefirst flat portion 1cis formed at the joining
portion 1a, the joining portion 1a and the first flat portion
1c can be formed at the same time at the waveguide 1,
so that the joining portion 1a can be easily secured by
caulking. In addition, since the distance between each
caulked portion 1b is set at approximately 1/4 of the
wavelength Ag inside the waveguide, it is possible to
cancel the phases of the electrical waves reflected at
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the corresponding caulked portions 1b.

[0031] Further, since the pair of second flat portions
1d are formed separately of the first flat portions 1c at
the inner peripheral surface of the waveguide 1, and the
mounting surfaces 6b, formed at the outer peripheral
surface of the impedance converting section 6 of the di-
electric feeder 2, are press-fitted/secured to their corre-
sponding second flat portions 1d, the strength of mount-
ing the dielectric feeder 2 and anti-rotation effect are in-
creased, so that the dielectric feeder 2 can be stably
secured to the waveguide 1. In addition, since the flat
portions 1c and the flat portions 1d are formed so that
a flat portion 1c and a flat portion 1d alternate at an in-
terval of substantially 90 degrees at the inner peripheral
surface of the waveguide 1, the straight line connecting
the pair of first flat portions 1c and the straight line con-
necting the pair of second flat portions 1d are orthogonal
to each other, so that it is possible to restrict adverse
effects of each flat portion 1c and each flat portion 1d
on the polarized waves.

[0032] Next, a description of a second embodiment of
the present invention will be given with reference to the
relevant drawings. Fig. 8 illustrates the structure of a pri-
mary radiator of the second embodiment of the present
invention. Fig. 9 is a sectional view along line IX-IX of in
Fig. 8. Fig. 10 is a front view in the direction of arrow
X-X shown in Fig. 8. Fig. 6 is a perspective view of a
dielectric feeder of the primary radiator. Fig. 7 is a sec-
tional view taken along line VII-VII of Fig. 6. Fig. 11 il-
lustrates the operation for canceling reflections.

[0033] As shown in these figures, the primary radiator
of the second embodiment comprises a cylindrical
waveguide 101 having both ends thereof open, a die-
lectric feeder 102 held at the inside portion of the
waveguide 101, and a cover member 103 covering one
of the open ends of the waveguide 101. A probe 104 is
installed at the inside wall surface of the waveguide 101,
and is connected, at the outside portion of the
waveguide 101, to a converter circuit (not shown). Al-
though not shown in Fig. 8, the distance between the
probe 104 and the cover member 103 is set at approx-
imately 1/4 of a wavelength Ag inside the waveguide.
[0034] The waveguide 101 is formed by winding a rec-
tangular metallic plate in a spread state into a cylindrical
shape. Both ends of the metallic plate are superimposed
upon each other and are joined together. A pair of mount
holes 101a are formed in the waveguide 101, are posi-
tioned in the same plane running through the central ax-
is of the waveguide 101, and are separated by approx-
imately 1/4 of the wavelength inside the waveguide
along the axial direction of the waveguide 101.

[0035] The dielectric feeder 102 is formed of a dielec-
tric material having a low dielectric dissipation factor. In
the case of the second embodiment, considering costs,
low-cost polyethylene (dielectric constant € is approxi-
mately equal to 2.25) is used as the dielectric material.
The dielectric feeder 102 comprises a radiator section
105 protruding from the uncovered open end of the
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waveguide 101, an impedance converting section 106
which becomes narrower in an arcuate shape from the
radiator section 105 to the inside portion of the
waveguide 101, and a phase converting section 107 ex-
tending continuously from the tapered portion of the im-
pedance converting section 6.

[0036] The radiator section 105 widens in the shape
of a trumpet from the uncovered open end of the
waveguide 101. A plurality of annular grooves 105a are
formed in an end surface of the radiator section 105.
The depth of each annular groove 105a is set at approx-
imately 1/4 of a wavelength A of an electrical wave that
propagates through the annularly grooved portion. Each
annular groove 105a is concentrically formed in the end
surface of the radiator section 105 (see Fig. 10).
[0037] The impedance converting section 106 has a
pair of curved surfaces 106a that converge towards the
phase converting section 107 from the base end portion
of the impedance converting section 106 disposed to-
wards the radiator section 105. The cross sectional
shape of each curved surface 106a is approximately a
quadratic curve shape. The base end portion of the im-
pedance converting section 106 is formed as an approx-
imately circular surface, and is press-fitted/secured to
the uncovered open end of the waveguide 101.

[0038] The phase converting section 107 is a plate-
shaped member having a substantially uniform thick-
ness, and functions as a 90-degree phase device for
converting a circularly polarized wave that has moved
into the dielectric feeder 102 into a linearly polarized
wave. The phase converting section 107 is formed con-
tinuously with the tapered portion of the impedance con-
verting section 106 formed opposite to the base end por-
tion. Recesses 107a opposing the mount holes 101a of
the waveguide 101 are formed in both side surfaces of
the phase converting section 107. A pair of screws 108
are inserted into the corresponding mount hole 101 from
outside the waveguide 101. By screwing the screws 108
into the waveguide 101 and retaining them by the cor-
responding recesses 107a, the phase converting sec-
tion 107 is secured to the inside portion of the waveguide
101 by the pair of screws 108 serving as retainer por-
tions. As shown in Fig. 9, when a plane which is parallel
to a plate surface of the phase converting section 107
and which passes through the central axis of the
waveguide 101 is a reference plane, the probe 104 in-
tersects the reference plane at an angle of approximate-
ly 45 degrees. A plurality of cutaway portions 107b are
formed in an end surface of the phase converting sec-
tion 107 disposed at a side opposing the cover member
103. Steps are formed by these cutaway portions 107b.
The depths of the cutaway portions 107b are set at ap-
proximately 1/4 of the wavelength Ag inside the
waveguide 101. The end surface of the phase convert-
ing section 107 and the bottom surfaces defining the cut-
away portions 107b are formed into two reflecting sur-
faces where phases differ by 90 degrees with respect
to the direction of propagation of electrical waves.
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[0039] Inthe primary radiator having such a structure,
when a clockwise or counterclockwise circularly polar-
ized wave which has been sent from, for example, a sat-
ellite is received, the circularly polarized wave travels
into the dielectric feeder 102 from the end surface of the
radiator section 105. After propagating from the radiator
section 105 to the phase converting section 107 through
the impedance converting section 6 inside the dielectric
feeder 102, the circularly polarized wave is converted
into a linearly polarized wave at the phase converting
section 107, and the linearly polarized wave travels in-
side the waveguide 101. Then, the linearly polarized
wave input to the waveguide 101 is coupled at the probe
104. By converting a reception signal from the probe 104
into an IF signal at a converter circuit (not shown) for
output, it is possible to receive the circularly polarized
wave sent from, for example, a satellite.

[0040] Here, since the plurality of annular grooves
105a having depths approximately equal to A/4 wave-
length are formed in the end surface of the radiator sec-
tion 105 of the dielectric feeder 102, the phases of the
electrical waves reflected at the end surface of the radi-
ator section 105 and the bottom surfaces defining the
annular grooves 105a are reversed and canceled, so
that reflection components of the electrical waves mov-
ing towards the end surface of the radiator section 105
are greatly reduced. In addition, since the radiator sec-
tion 105 is formed into the shape of a trumpet that wid-
ens from the uncovered open end of the waveguide 101,
the electrical waves can be efficiently converged at the
dielectric feeder 102, and the length of the radiator sec-
tion 105 in the axial direction can be reduced. Further,
by forming the impedance converting section 106 be-
tween the phase converting section 107 and the radiator
section 105 of the dielectric feeder 102, and by contin-
uously forming the cross-sectional forms of the pair of
curved surfaces 106a of the impedance converting sec-
tion 6 into approximately quadratic curve shapes, the
curved surfaces 106a converge so that the dielectric
feeder 102 becomes gradually thinner towards the
phase converting section 107 from the radiator section
105. Therefore, not only can the reflection components
of the electrical waves that propagate inside the dielec-
tric feeder 102 be effectively reduced, but also a portion
extending from the impedance converting section 106
to the phase converting section 107 functions as a
phase converting section. Consequently, from this point
also, the overall length of the dielectric feeder 102 can
be greatly reduced. Still further, the cutaway portions
107b having depths of approximately Ag/4 wavelengths
are formed in the end surface of the phase converting
section 107 of the dielectric feeder 102, so that the phas-
es of the electrical waves reflected at the bottom surfac-
es defining the cutaway portions 107b and the end sur-
face of the phase converting section 107 are reversed
and canceled, so that impedance mismatching at the
end surface of the phase converting section 107 can be
eliminated.
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[0041] In the primary radiator of the second embodi-
ment, since the waveguide 101 is formed by winding a
metallic plate into a cylindrical shape, it is not necessary
to use an expensive die-casting mold, so that production
costs of the waveguide 101 can be significantly reduced
accordingly. Since the phase converting section 107 of
the dielectric feeder 102 is inserted into the waveguide
101, and is secured to the inside portion of the
waveguide 101 with the pair of screws 108, the phase
converting section 7 can be positioned/secured with
high precision even if a special jig is not used, thereby
making it possible to simplify assembly work. In addition,
since the interval between both screws 108 extending
into the inside portion of the waveguide 101 is set at
approximately 1/4 of the wavelength inside the
waveguide, as shown in Fig. 6, reflection at one of the
screws 108 and reflection at the other screw 108 are
shifted by approximately 1/2 wavelength (= 180 de-
grees) and canceled, so that it is possible to prevent a
reduction in performance caused by reflection at the
screws 108. It is possible to increase the strength of
mounting the dielectric feeder 102 by using a bonding
agent along with the screws 108. In this case also, when
the bonding agent is applied, the phase converting sec-
tion 107 is secured by the screws 108, so that it is not
necessary to use a positioning jig.

[0042] Fig. 12 illustrates the structure of a primary ra-
diator of a third embodiment of the present invention.
Fig. 13 illustrates the main portion of the primary radia-
tor. Corresponding parts to those shown in Figs. 6 to 10
are given the same reference numerals.

[0043] The third embodiment differs from the second
embodiment in that a pair of cut-up portions 101b are
formed at the inside wall surface of the waveguide 101
by bending portions of the waveguide 101, and that a
phase converting section 107 is secured to the inside
portion of the waveguide 101 by the cut-up portions
101b serving as retainer portions. The other structural
features are basically the same. More specifically, like
the mount holes 101a used in the second embodiment,
the pair of cut-up portions 101b are formed at the inside
wall surface of a metallic plate, which is used as a ma-
terial for the waveguide 101, are positioned in the same
plane running through the central axis of the waveguide
101, and are separated by approximately 1/4 of a wave-
length inside the waveguide along the axial direction of
the waveguide 101. On the other hand, recessed
grooves 107c extending in the longitudinal direction are
formed in both side surfaces of the phase converting
section 107. As shown in Fig. 13, by inserting the phase
converting section 107 into the waveguide 101, and by
retaining an end of each cut-up portion 101b by its cor-
responding recessed groove 107c, the phase convert-
ing section 107 is positioned/secured to the inside por-
tion of the waveguide 101 in order to prevent the dielec-
tric feeder 102 from becoming dislodged.

[0044] Even in the third embodiment of the primary
radiator having such a structure, the interval between
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both cut-up portions 101b that secure the phase con-
verting section 107 is set at approximately 1/4 of the
wavelength inside the waveguide, so that reflections at
both cut-up portions 101b are canceled, thereby making
it possible to prevent a reduction in performance. In ad-
dition, since the cut-up portions 101b formed by bending
portions of the waveguide 101 are formed as retainer
portions at the inside wall surface of the waveguide 101,
fewer component parts can be used in the third embod-
iment than in the second embodiment where screws are
used as retainer portions, so that assembly workability
is improved.

[0045] Although, in the relevant embodiments, the
case where a pair of retainer portions (the screws 108
or cut-up portions 101b) are disposed 180 degrees apart
from each other on both sides of the central axis of the
waveguide 101 so as to oppose each other is described,
as long as the condition that the interval between each
retainer portion is approximately 1/4 of the wavelength
inside the waveguide is satisfied, each retainer portion
may be disposed at a location opposing one of the side
surfaces of the phase converting section 107.

[0046] Although, in each of the relevant embodi-
ments, a primary radiator where the radiator section 5,
the impedance converting section 106, and the phase
converting section 107 are integrally molded at the die-
lectric feeder 102, and where the dielectric feeder 102
is held by the waveguide 101, formed of a metallic plate,
is described, the present invention may be applied to a
primary radiator in which a waveguide including a horn
section is formed by die casting, and in which a dielectric
plate, serving as a phase converting member, is held
inside the waveguide. In this case, the dielectric plate is
secured to the inside portion of the waveguide by a se-
curing method which is similar to the securing method
using the screws 108 described in the second embodi-
ment.

[0047] The present invention is carried out in the
forms described above, and provides the following ad-
vantages.

[0048] Since the waveguide is formed by winding a
metallic plate into a cylindrical shape, flat portions ex-
tending parallel to the central axis of the waveguide are
formed at the inside wall surface of the waveguide, and
a dielectric feeder is mounted to the flat portions as po-
sitioning reference surfaces, compared to the case
where a waveguide formed by die casting, not only are
production costs considerably reduced, but also the di-
electric feeder can be readily positioned with respect to
the waveguide with high precision. Therefore, it possible
to provide a primary radiator which has excellent assem-
bly workability and which can be produced at a low cost.
[0049] In addition, since the phase converting section
inserted into the waveguide is secured to the inside wall
surface of the waveguide by a plurality of retainer por-
tions, which are either screws or cut-up portions, it is
possible to simplify assembly work because it is not nec-
essary to use a special positioning jig. Further, since the



15 EP 1 387 436 A2

interval between each retainer portion is set at approx-
imately 1/4 of a wavelength inside the waveguide, re-
flection at each retainer portion is canceled, so that each
reflection component can be reduced.

Claims

1. A primary radiator comprising:

10
a waveguide including an opening at one end
side;
a phase converting member inserted into an in-
side portion of the waveguide from the opening;
a plurality of retainer portions for securing the 175
phase converting member to an inside wall sur-
face of the waveguide; and
a probe which intersects the phase converting
member at an angle of approximately 45 de-
grees inside the waveguide, 20

wherein each retainer portion is separated by
an interval of approximately 1/4 of a wavelength in-
side the waveguide in a same plane running
through a central axis of the waveguide. 25

2. Aprimaryradiator according to Claim 1, wherein the
waveguide is formed of a metallic plate and is
formed by winding the metallic plate, and wherein
the retainer portions are cut-up portions formed at 30
the inside wall surface of the waveguide by bending.

3. Aprimary radiator according to Claim 1, wherein the
waveguide is formed of a metallic plate and is
formed by winding the metallic plate, wherein a plu- 35
rality of mount holes are formed in the waveguide,
and wherein the retainer portions are screws insert-
ed into the mount holes and screwed into the

waveguide.
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